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Abstract: The dimensions that influence the establishment of business process management (BPM)
practices and the progression to higher levels of process maturity derive from exploring the dimensions
of process orientation of organizations. Small and medium-sized clothing enterprises (SME’s) are
characterized by various specifics that can affect the degree of process orientation adoption and
the pace of transition from lower to higher levels of process maturity. According to these specifics,
the acceptance of the process approach may be differently affected. For the purpose of adequate
evaluation and prioritization of the most influential dimensions, a new integrated multicriteria
decision-making (MCDM) model that combines classical and fuzzy theory was developed. First,
the full consistency method (FUCOM) method was applied, followed by the fuzzy pivot pairwise
relative criteria importance assessment (fuzzy PIPRECIA) method to obtain more accurate criteria
values. Prioritization of the most influential BPM dimension contributes to highlighting the area of
business that needs to be primarily strengthened by appropriate actions for successful establishment
of BPM in apparel industry SMEs. Within this research, the prioritized dimension refers to human
resource management in accordance with the specific aspects of business within the apparel industry.
Keywords: business process orientation (BPO); business process management (BPM); FUCOM; fuzzy
PIPRECIA; apparel industry; SMEs
1. Introduction
In the contemporary business environment, organizations are becoming aware of the need to
implement adequately defined and controlled processes, which will contribute not only to acquiring
the status of a process-mature organization, but also to improving the methods of management,
development, and product quality [1]. Organizational orientation towards business processes and
managing them ensures gaining knowledge about the possibilities of adopting best business practices
and differentiating from the competition [2]. In the case of textile manufacturing organizations in
countries such as Serbia, Bulgaria, and North Macedonia, several specific aspects make the whole
approach to the implementation of business process management (BPM) relevant because it can
contribute to the generation of new insights important for the improvement of business processes of
these types of organizations. There were textile giants in these countries, in the past, that employed
thousands of workers. The past and present picture of this sector is quite different. Today, there are
mainly garment manufacturing small and medium-sized clothing enterprises (SMEs) [3].
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The evaluation of the influence of different dimensions of process orientation is partly stimulated,
among other specific aspects of the apparel industry, by the statement of author Chong [4], who stated
that although process-oriented research is mainly focused on the operations of large organizations,
this concept applies to the business of small and medium-sized enterprises (SMEs).
Consideration of the apparel industry SMEs’ business appears through the literature precisely
because of the particularities that accompany their business, among which the labor-intensive character
and the dominant presence of the female workforce can be emphasized [5–7]. Besides, specific aspects
of the apparel industry are highlighted in terms of constant model changes, short deadlines due to the
change in fashion trends, and grading, which signifies the production of items by size. Then, there
are the particularities of the textile material in terms of impermanence in shape, solidity, creasing,
and pattern. All of these specific aspects make the production process complex [8]. The apparel
industry is creative; however, design as a strategic resource is underutilized due to limited human
and financial resources, as well as the informal process of developing and innovating apparel within
SMEs [9,10]. The managerial role of the owner, as well as informality of interpersonal relationships and
communication processes in SMEs, can, also, be added to this set of specific aspects [11]. The problems
encountered by SMEs in the apparel industry in the surveyed countries are reflected in the lack of
skilled personnel, batch size, type of assortment, production subcontracting or “lohn” production,
cheap labor, and poor information, among others [12].
The fact is that in the modern business world, only those organizations that are ready to
adapt quickly and effectively to generate new, more appropriate, and flexible concepts of business
and development manage to survive [13,14]. In such organizations, the issue of adopting and
implementing certain business practices based on strengthening certain elements or dimensions of
process orientation arises.
2. Motivation and Research Aim
The business process consists of a set of activities performed in coordination with an organizational
environment, with each element of the activity being subject to effective management [15]. BPM is
implemented through the application of methods, techniques, and software for design, adoption,
control, and analysis of operational processes that encompass people, organization, implementation,
documentation, and other sources of information [16]. However, some authors have emphasized that
in the SMEs sector there is a lack of understanding and interest for the proper implementation of
BPM practice with respect to the principles of the concept [17,18]. Key elements in applying a BPM
approach relate to a clear explanation of intentions to carry out this practice, the links between BPM
and strategic programs that an organization develops, and the acquisition of process competencies,
skills, and knowledge, among others [19]. An array of elements, such as structure, focus, measurement,
responsibility, and consumer orientation, make up an integral part or basis of the business process
orientation [20,21].
Various authors have researched the elements that influence the adoption of process orientation
and BPM, and in the next section, this issue will be considered through a literature review. Considering
the dimensions as important parts for understanding the overall picture of the establishment of BPM
practices, the thought of the multidimensionality of this practice develops. Each of the elements can
be categorized as an element of a particular process dimension. This statement was the driver of the
research question within this paper. To what extent do each of the identified categories of process
orientation adoption elements realistically contribute to the establishment of BPM practice and the
progression towards a state of stability and high degree of process maturity within the SMEs of the
apparel industry?
The aim of this paper was, therefore, reflected in the evaluation of the adopted process dimensions,
while prioritizing the most influential one considering the apparel industry sector and its specific
aspects. In this way we sought to identify which link in the business process management chain
makes a more pronounced contribution to enhancing the process maturity of apparel industry SMEs,
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in comparison to other links. The findings of such a nature, except the scientific contributions,
can provide a practical contribution in terms of advising organizations in which direction they should
focus their activities and in what areas they need to make improvements in order to achieve higher
process maturity.
In the next section, a literature review of the study of the elements and characteristic dimensions of
process orientation is presented, with an emphasis on the recognized importance of each. The application
of different multicriteria decision-making methods in the textile and clothing industry is also highlighted
in this section. The research part of the paper begins with a description of the methodological framework
and structure of the research. The presented methodology, which includes the application of the FUCOM
and fuzzy PIPRECIA methods as elements of an integrated multicriteria model, was implemented to
evaluate the process orientation dimensions of the apparel industry organizations. Finally, in addition
to concluding considerations, guidelines for further research in this area are provided.
3. Literature Review of Research on the Process Orientation Dimensions
BPM is driven by a few basic rules concerning the appropriate way of mapping and documenting
process activities, a focus on consumers, and a reliance on systems and documentation procedures to
maintain discipline, consistency, and repeatability of performance quality. Also, BPM is concerned
with the measurement and processing activities and business process management with continuous
optimization, as pointed out by [22]. According to this author, BPM represents the approach of
cultural changes, and it is not only about the establishment of good systems and the right kind
of structure. It should be inspired by the best practices to ensure the achievement of superior
competitiveness. Within each of these rules, it is possible to notice the existence of dimensions that
influence the establishment of BPM. Adoption of the process view may depend on elements such
as alignment of the process with strategic goals, established culture, human resources, management
style, application of methods, and development of information systems, according to authors [23].
Another author [24] highlighted the success factors of BPM. These are strategy alignment, level of
IT investment, performance measurement, level of employee specialization, organizational change,
the appointment of process owner, implementation of proposed changes, implementation of continuous
improvement systems, process standardization, computerization, automation, training, and employee
empowerment. These elements and factors are also considered in the literature as interconnected areas
of BPM capability [25,26].
3.1. Significance of Process Orientation Dimensions for Establishment of BPM
An organization’s strategic program can be more easily implemented by applying BPM
practices [27]. There is an assumption within the literature that process activities support the
organization’s strategy [28,29]. The chosen strategy must rely on processes that are coordinated
and designed to simplify its successful implementation [30]. Harmonization of operational and
strategic priorities is the basis for gaining competitiveness, and involvement of top management is
important to ensure that the right priorities are set [31,32].
The requirements of the business are expressed through a description of the business processes,
which are related to the strategy, and the explanation of the organizational goals, which answers the
questions “why” and “what” is being done. These requirements also motivate the definition of specific
processes, that is, the answer to the question “how” [33]. BPM relies on documented procedures to
ensure discipline, consistency, and repeatability of performance quality [22]. An organization that does
not, in any way, define or document its processes, inevitably remains at the lowest level of process
maturity [34].
Business process performance reflects in overall organizational performance [35,36]. BPM relies
on the measurement of activities to evaluate the performance of each process, to set goals, and to
deliver results at a level that reaches corporate goals [22]. Performance measurement and evaluation
help to evaluate the effectiveness and efficiency of performance, as well as the performance potential of
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different objects within an organization, so determining specific performance measures or performance
indicators is essential [37,38]. Considering that consumer orientation is one of the core values that the
BPM culture concept emphasizes, process performance measures based on consumer expectations are
of great importance [11,39,40].
A process-oriented organization tries to organize responsibilities as horizontally as possible,
as opposed to the traditional vertical hierarchical structure [41]. The business processes of all partners
in the network should be conceptually modeled, focusing on documenting the flow and structure of
interorganizational process activities [42]. Communication in the service of process execution, as well
as the application of adequate techniques, are integrated within the organizational structure [43].
In a process-oriented organization, human resources are the drivers that enable the execution
of a process. Process quality depends on the competencies of the human resources that work on its
realization [44,45]. The application of BPM has a significant impact on the people in the organization.
Adopting a process orientation affects employees because they have to accept responsibility for the
outcomes of their processes. Accordingly, employees get new and different roles [41], like the role
of the process owner responsible for overseeing functioning and process performance; the match
between organizational information, management systems, and process needs; and the quality of the
measures used in the process to measure process performance [46]. Management should focus on
educating employees about process implementation and the benefits of process-based performance
management [47]. It is of great importance to train the employees and make them able to work in a
changing business environment [48]. Process-mature organizations encourage their employees to be
process-oriented, enabling them to participate actively in process definition and process improvement
activities. Rewards and incentives for the efforts of the employees should exist. Employees in such an
environment develop a belief in the process, and when errors occur, they are focused on improvements
rather than the measures of punishment. The value and importance of good staff are recognizable in
process-mature organizations, therefore the knowledge and skills of employees are nurtured because
modern business operations and the presence of new technologies require the upgrading of specialized
skills and knowledge of human resources [49,50].
Business processes are conducted in a group environment, where the effectiveness of their
realization depends on elements such as communication, coordination, and cooperation [51].
Organizational culture plays a key role during any change initiative [52]. Research [53,54] has
identified four distinctive values that define the concept of culture within business process management.
These values include customer orientation, excellence, responsibility, and teamwork.
Market orientation enhances organizations’ motivation to explore consumer and competitor
reactions, as it is marked by the degree of information generated from the external environment. Then,
it is used to share information with the external environment and to respond to consumer needs and
demands [55,56]. The application of BPM practices provides the opportunity to gain a competitive
advantage and secure the market position of the organization [57]. Besides, careful BPM can help clients
gain extraordinary experience in consuming products and services marketed by an organization [58].
The desire to meet the requirements of both internal and all external stakeholders, including
suppliers, lies in the core of the BPM [59]. The term “cross-organizational business processes” is referred
to in the literature, with the notion that contemporary businesses meet the wave of cross-organizational
BPM among partners [60,61]. This term refers to the process collaboration that exceeds the limits
of the organization while maintaining the autonomy of the organization in terms of the freedom of
modification of the internal operation to achieve organizational objectives while achieving the common
partnership goals [62].
The application of information and communication technologies to support BPM in companies
and administration is quite an important element. Adequate techniques and software tools to support
activities from design to control, as well as analysis of operating business processes, are being put
into practice to facilitate value creation [63]. Information technology typically provides automatic
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support for business processes and inter-process connections [36]. Besides, they enable business
process innovation in line with industry best practices and IT trends [64].
All of the business dimensions can reflect the state of the process orientation by how they
perform. Using a holistic approach and evaluating each one of them might be beneficial. Some of the
authors [65–68] highlighted some of these dimensions as factors of success or dimensions for analysis
of process maturity within organizations operating in various industries. Authors [69] applied the
fuzzy Delphi method to isolate dimensions by which BPM practice adoption can be assessed in a
labor-intensive business environment, from a wider list of factors from the literature. The final list
of dimensions consists of: (1) compliance of process and strategic goals; (2) process identification,
documentation, and standardization; (3) performance measurement and business process improvement;
(4) process structure; (5) human resource management; (6) process organizational culture; (7) focus
on consumers and competitors; (8) supplier relations processes; and (9) process-based information
systems development.
3.2. Application of Multicriteria Decision-Making Methods in Textile and Apparel Industries
Multicriteria decision-making methods [70,71] take into account expert evaluation of the criteria.
Experts rank alternatives according to specified standards in the most objective way possible [72].
Each of the multicriteria methods has its advantages and disadvantages, as well as its application areas.
In order to solve complex decision problems, a combination of several methods is also possible [73].
These methods have found application in the field of BPM through the evaluation and selection of
business processes [74], evaluation of the most appropriate business process outsourcing decision [75],
assessment of process factors when developing a methodology for analyzing business processes
weaknesses and possible improvements [76], and BPM decision-making support [77], among others.
The analytic hierarchy process (AHP) method was applied to formulate a decision support system
for determining the potential for clustering in the textile and clothing sectors [78]. The AHP method
for calculation of weight coefficients of each criterion was applied to solve the problems of ranking and
selection of suppliers within the textile industry in China and India, and then using the calculated
weights, the ranking of suppliers was performed using the TOPSIS method [79]. Authors [80] grouped
suppliers using the AHP method and cluster analysis. The AHP method was used to make a prototype
selection of fashion items by [81]. Fuzzy AHP was used for the selection of adequate manufacturing
technology for the textile laminating process [82].
In addition to the AHP method, which is present in a large number of papers related to the apparel
and textile industries, the combination of PROMETHEE II and V methods has been applied in the
development of a multicriteria optimization model for the optimal blending of cotton [83]. Ranking of
workplaces according to the severity of working conditions in the textile industry was done by [84] by
applying the ELECTRA method.
Some of the newer MCDM methods, such as the full consistency method (FUCOM) [85] and pivot
pairwise relative criteria importance assessment (PIPRECIA) [86] might, as well as the ones previously
mentioned, make their contribution to the research in the textile and apparel industry. The successful
implementation of these methods is notable in the examples of sustainable supplier selection [87,88].
4. Methodology
Within the apparel industry in Serbia, Bulgaria, and North Macedonia, as well as in the other
European countries, the most common business entities are small and medium-sized enterprises
(SMEs). SMEs are interesting for research on BPM, and the sector within which they operate makes
them even more interesting because business processes are creative and labor-intensive. The initial
assumption of this research was that the establishment of BPM in apparel industry organizations can be
considered by taking different process orientation dimensions into account. Each of these dimensions
can have a different degree of contribution according to the conditions of business in a particular
industry. With that in mind, this research attempted to evaluate and prioritize different process
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orientation dimensions according to their influence on BPM establishment in the apparel industry
based on experts’ opinions, and to discuss the practical contribution of the prioritized dimensions to
the establishment of efficient, effective, and continuous BPM in the apparel industry organizations.
Figure 1 illustrates the proposed steps to conduct this research in order to fulfil the stated research aim.Sustainability 2020, 12, x FOR PEER REVIEW 6 of 18 
 
Figure 1. Proposed methodology for evaluation of process orientation dimensions’ influence in the 
apparel industry using an integrated FUCOM–fuzzy PIPRECIA model. 
The proposed research methodology for conducting an evaluation of process orientation 
dimensions in the apparel industry consisted of four major research phases, as presented in Figure 1. 
The initial phase of this research focused on criteria definition and data collection. Considering the 
dimensions that influence the establishment of BPM, described in detail within the literature review, 
nine criteria stood out. The optimal size of expert panel was investigated by [89], who came to the 
conclusion that final calculation scores are stable when more than 15 experts provide their 
estimations, and with 30 experts involved the stable mean can be reached. They further stated that 
having a large panel of experts is good, but expert panels of smaller sizes can, as well, provide a 
reliable evaluation of criteria. Within this research, a panel of 24 experts from apparel industry was 
formed. By contacting them, a database of criteria evaluations was collected. Collected data, in the 
form of expert evaluations, presented the input for the second and the third phase.  
The second phase relied on the application of the full consistency (FUCOM) method to calculate 
the weight coefficients of dimensions based on the evaluations of each expert. One of the new 
methods based on the principles of pairwise comparison and validation of results through deviation 
for maximum consistency is the full consistency method (FUCOM) [85]. The decisive advantages of 
applying the FUCOM method are the small number of pairwise comparisons of criteria (n – 1 
comparisons only), the ability to validate results by determining deviations from the maximum 
consistency (DMC) of comparisons, and to appreciate the transitivity in pairwise comparisons of 
criteria. This is particularly true of the first and second steps of the FUCOM method, in which 
decision makers rank the criteria according to their personal preferences and make comparisons of 
pairs of ranking criteria. However, unlike other subjective models, FUCOM showed smaller 
deviations in the criteria weight values obtained relative to the optimal value [85,90–92]. In addition, 
the methodological procedure of the FUCOM method eliminates the problem of redundancy of 
comparison of criteria pairs, which exists in some subjective models for determining the weight 
coefficients of criteria. The assumption is that there are n evaluation criteria in the multi-criteria 
model denoted by wj, j = 1,2, ..., n, and that their weight coefficients should be determined. Subjective 
weighting models based on pairwise comparisons require the decision maker to determine the degree 
of influence of the criterion i and on the criterion j [93]. 
The third phase used the fuzzy PIPRECIA and the inverse fuzzy PIPRECIA to calculate weight 
coefficients of the same dimensions using the fuzzy logic. The fuzzy logic in PIPRECIA method was 
introduced by [94]. Inclusion of fuzzy logic in decision-making increases the reliability of the decision 
by minimization of misjudgment possibility [95,96]. The main advantage of the PIPRECIA method is 
that it allows criteria evaluation without sorting by relevance [97].  
Phases two and three provided the input for final evaluation. The main focus within the fourth 
phase was on the comparison and final calculation of weight coefficients of considered process 
orientation dimensions in the business environment of the apparel industry using an integrated 
FUCOM–fuzzy PIPRECIA model. 
5. Evaluation of Process Orientation Dimensions Priority within the Apparel Industry  
Figure 1. Proposed methodology for evaluation of process orientation dimensions’ influence in the
apparel industry using an integrated FUCOM–fuzzy PIPRECIA model.
The proposed research methodology for conducting an evaluation of process orientation
dimensions in the apparel industry consisted of four major research phases, as presented in Figure 1.
The initial phase of this research focused on criteria definition and data collection. Considering the
dimensions that influence the establishment of BPM, described in detail within the literature review,
nine criteria stood out. The optimal size of expert panel was investigated by [89], who came to the
conclusion that final calculation scores are stable when more than 15 experts provide their estimations,
and with 30 experts involved the stable mean can be reached. They further stated that having a large
panel of experts is good, but expert panels of smaller sizes can, as well, provide a reliable evaluation of
criteria. Within this research, a panel of 24 experts from apparel industry was formed. By contacting
them, a database of criteria evaluations was collected. Collected data, in the form of expert evaluations,
presented the input for the second and the third phase.
The second phase relied on the application of the full consistency (FUCOM) method to calculate
the weight coefficients of dimensions based on the evaluations of each expert. One of the new
methods based on the principles of pairwise comparison and validation of results through deviation
for maximum consistency is the full consistency method (FUCOM) [85]. The decisive advantages
of applying the FUCOM method are the small number of pairwise comparisons of criteria (n − 1
comparisons only), the ability to validate results by determining deviations from the maximum
consistency (DMC) of comparisons, and to appreciate the transitivity in pairwise comparisons of
criteria. This is particularly true of the first and second steps of the FUCOM method, in which decision
makers rank the criteria according to their personal preferences and make comparisons of pairs of
ranking criteria. However, unlike other subjective models, FUCOM showed smaller deviations in the
criteria weight values obtained relative to the optimal value [85,90–92]. In addition, the methodological
procedure of the FUCOM method eliminates the problem of redundancy of comparison of criteria
pairs, which exists in some subjective models for determining the weight coefficients of criteria.
The assumption is that there are n evaluation criteria in the multi-criteria model denoted by wj, j = 1, 2,
. . . , n, and that their weight coefficients should be determined. Subjective weighting models based on
pairwise comparisons require the decision maker to determine the degree of influence of the criterion i
and on the criterion j [93].
The third phase used the fuzzy PIPRECIA and the inverse fuzzy PIPRECIA to calculate weight
coefficients of the same dimensions using the fuzzy logic. The fuzzy logic in PIPRECIA method was
introduced by [94]. Inclusion of fuzzy logic in decision-making increases the reliability of the decision
by minimization of misjudgment possibility [95,96]. The main advantage of the PIPRECIA method is
that it allows criteria evaluation without sorting by relevance [97].
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Phases two and three provided the input for final evaluation. The main focus within the fourth
phase was on the comparison and final calculation of weight coefficients of considered process
orientation dimensions in the business environment of the apparel industry using an integrated
FUCOM–fuzzy PIPRECIA model.
5. Evaluation of Process Orientation Dimensions Priority within the Apparel Industry
5.1. Criteria Definition and Data Collection
By reducing the initial list of 13 factors, through which it is possible to observe the level of process
orientation of organizations in labor-intensive activities, a list of nine factors was obtained within
the research [69]. As labor-intensive character appears to be one of the particularities within apparel
industry organizations, along with the dominant participation of the female workforce, the creative
character, and the need to acquire specific knowledge, the possibility of evaluating the influence of
these dimensions in the apparel industry has been noticed. Table 1 presents the complete list of these
dimensions, codified in order to be used in the integrated FUCOM–fuzzy PIPRECIA multicriteria
decision-making model as criteria. A description of each dimension is, as well, provided.
Table 1. Codification of the criteria used in the questionnaire.
Code Criteria Description of the Criteria
C1 Compliance of process andstrategic goals
Business processes support the strategy and are aligned and
designed to simplify its execution.
C2
Process identification,
documentation, and
standardization
The well-defined and documented procedures ensure discipline,
consistency, and repeatability of performance quality.
C3
Performance measurement
and business process
improvement
Measuring the performance of each individual process is
important for goal setting, delivering excellent results, and
continuity in improvements.
C4 Process structure
The process organizational structure integrates elements in the
service of execution of business processes, with a horizontal
organization of responsibilities.
C5 Human resourcesmanagement
Adopting a process orientation affects employees because they
have to accept responsibility for the outcomes of their processes.
C6 Process organizationalculture
Organizational culture plays a key role in adopting values
aligned with BPM practices.
C7 Focus on consumers andcompetitors
The possibility of achieving competitive advantage and securing
the organization’s market position arises under the influence of
adequate BPM in relations with consumers and competitors.
C8 Supplier relationsprocesses
Impact of managing cross-organizational business processes
with suppliers.
C9 Process-based informationsystems development
Adequate techniques and software tools to support activities
from design to control, as well as analysis of operating business
processes are being put into practice to facilitate value creation.
Source: [22,30,41,43,53,54,57,62,63,69].
Experts evaluated defined criteria using a seven-point scale given in the questionnaire for experts’
assessments. By comparing the criteria, experts measured their preferences using scores from 1 to 7,
where 1 stood for an almost equal value of two compared criteria, 2 for slightly more significant criteria,
3 for moderately more significant criteria, 4 for more significant criteria, 5 for much more significant
criteria, 6 for dominantly more significant criteria, and 7 for absolutely more significant criteria [97].
Objective evaluation of the criteria was carried out by 24 experts from Serbia, Bulgaria, and
North Macedonia in the period from September to October 2019. Experts who evaluated the criteria
gained practical experience by investigating organizations’ aspirations to adopt business process
management practices or by being responsible for process execution within the textile and apparel
industry. This group included experts in managerial positions in the procurement, production, quality
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control, and sales processes, as well as those engaged in educational and scientific research in the
textile and apparel industries.
5.2. Criteria Evaluation Using the FUCOM Method
Table 2 shows the evaluation of the criteria by all decision makers, which is essentially the first
and second step of the FUCOM method.
Table 2. The first two steps of the FUCOM method—ranking and rating.
DM1
C4 C5 C6 C2 C3 C7 C8 C1 C9
1 1 1 1.5 1.5 1.5 1.8 1.8 1.8
DM2
C1 C5 C2 C8 C9 C7 C4 C3 C6
1 1 1.5 1.5 1.5 1.8 1.8 1.8 2.7
DM3
C5 C9 C6 C3 C2 C4 C1 C7 C8
1 1 1.5 1.5 1.8 1.8 2.7 4 5
DM4
C3 C2 C5 C9 C1 C7 C8 C6 C4
1 1.5 1.5 1.5 1.8 2.7 2.7 4 4
DM5
C3 C9 C5 C2 C1 C4 C6 C7 C8
1 1 1 1.5 1.8 1.8 1.8 2.7 2.7
. . .
DM20
C5 C9 C8 C6 C4 C1 C2 C3 C7
1 1 1.5 1.5 1.5 1.5 1.8 1.8 1.8
DM21
C7 C8 C9 C6 C5 C4 C3 C2 C1
1 1 1.5 1.5 1.5 1.5 1.8 1.8 1.8
DM22
C9 C7 C5 C3 C2 C1 C4 C6 C8
1 1.5 1.5 1.5 1.5 1.8 1.8 1.8 2.7
DM23
C5 C7 C9 C1 C4 C6 C2 C3 C8
1 1.5 1.5 1.5 1.5 1.8 1.8 1.8 2.7
DM24
C1 C3 C7 C9 C8 C6 C5 C4 C2
1 1 1 1 1.5 1.5 1.5 1.5 1.5
The following is an example of a FUCOM method calculation for a third decision maker. As can
be seen from Table 2, a ranking and rating was performed showing that the best criterion was C5 and
the worst was C8. Based on the obtained criteria importance, the comparative values of the criteria
importance for each decision-maker were calculated:
ϕC5/C9 = 1/1 = 1, ϕC9/C6 = 1.5/1 = 1.5, ϕC6/C3 = 1.5/1.5 = 1, ϕC3/C2 = 1.8/1.5 = 1.2,
ϕC2/C4 = 1.8/1.8 = 1, ϕC4
C1
= 2.7/1.8 = 1.5, ϕC1
C7
= 4/2.7 = 1.48, ϕC7
C8
= 5/4 = 1.25.
In the third step, the final values of the weighting coefficients of the evaluation criteria were
calculated, which needed to satisfy two conditions:
(1) The final values of the weighting coefficients should satisfy the condition where:
w5/w9 = 1, w9/w6 = 1.5, w6/w3 = 1, w3/w2 = 1.2, w2/w4 = 1, w4/w1 = 1.5,
w1/w7 = 1.48, w7/w8 = 1.25.
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(2) In addition to the defined relations, the final values of the weighting coefficients should satisfy
the condition of mathematical transitivity:
ϕC5/C6 = 1× 1.5 = 1.5, ϕC9/C3 = 1.5× 1 = 1.5, ϕC6/C2 = 1× 1.2 = 1.2, ϕC3/C4 = 1.2× 1 = 1.2,
ϕC2/C1 = 1× 1.5 = 1.5, ϕC4/C7 = 1.5× 1.48 = 2.22, ϕC1/C8 = 1.48× 1.25 = 1.85.
w5/w6 = 1.5, w9/w3 = 1.5, w6/w2 = 1.2, w3/w4 = 1.2, w2/w1 = 1.5, w4/w7 = 2.22,
w1/w8 = 1.85.
The final model for determining the final values of the weighting coefficients of the evaluation
criteria can be defined by applying the model:
minχ
s.t.

∣∣∣∣w5w9 − 1∣∣∣∣ = χ, ∣∣∣∣w9w6 − 1.5∣∣∣∣ = χ, ∣∣∣∣w6w3 − 1∣∣∣∣ = χ, ∣∣∣∣w3w2 − 1.2∣∣∣∣ = χ, ∣∣∣∣w2w4 − 1∣∣∣∣ = χ,∣∣∣∣w4w1 − 1.5∣∣∣∣ = χ, ∣∣∣∣w1w7 − 1.48∣∣∣∣ = χ, ∣∣∣∣w7w8 − 1.25∣∣∣∣ = χ,∣∣∣∣w5w6 − 1.5∣∣∣∣ = χ, ∣∣∣∣w9w3 − 1.5∣∣∣∣ = χ, ∣∣∣∣w6w2 − 1.2∣∣∣∣ = χ, ∣∣∣∣w3w4 − 1.2∣∣∣∣ = χ,∣∣∣∣w2w1 − 1.5∣∣∣∣ = χ, ∣∣∣∣w4w7 − 2.22∣∣∣∣ = χ, ∣∣∣∣w1w8 − 1.85∣∣∣∣ = χ,
9∑
j=1
w j = 1, w j ≥ 0,∀ j
Criteria values according to the third decision maker were 0.70, 0.106, 0.127, 0.106, 0.190, 0.127,
0.047, 0.038, and 0.190.
The calculation for the other decision makers was performed in an identical manner and the
results are presented in Figure 2. After finding the mean of all values for each criterion, taking into
account the values of all experts, the final values of the weights of the criteria for the FUCOM method
were obtained.
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final values of the criteria obtained by the FUCOM method are indicated by AV, which stands
for average value, in Figure 2. Using the FUCOM method calcul tion, the following values of the
criteria were obtained: C1 = 0.103, C2 = 0.101, C3 = 0.111, C4 = 0.109, C5 = 0.135, C6 = 0.099, C7 = 0.117,
C8 = 0.098, C9 = 0.128. The final values can be rank d from highest to lowest. At the same time, it was
concluded that criteria C5, called human resource manage e t, was the be t-rated criteria by experts,
while the lowest-rated and ninth-ranked c iteria, C8, is called supplier relations processes.
5.3. Criteria Evaluation Using the Fuzzy PIPRECIA Method
The evaluation was performed using a linguistic scale that involves quantification into fuzzy
triangular numbers. Table 3 shows the evaluation of the criteria for fuzzy PIPRECIA and inverse
fuzzy PIPRECIA by the decision makers and the geometric mean (GM), based on which values were
further calculated.
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Table 3. Criteria evaluation by decision makers for fuzzy PIPRECIA and inverse fuzzy
PIPRECIA method.
PIPR. C2 C3 . . . C8 C9
DM1 1.100 1.150 1.200 1.000 1.000 1.000
. . .
0.500 0.667 1.000 1.000 1.000 1.000
DM2 0.500 0.667 1.000 0.500 0.667 1.000 1.100 1.150 1.200 1.000 1.000 1.000
DM3 1.100 1.150 1.200 1.100 1.150 1.200 0.500 0.667 1.000 1.500 1.750 1.800
DM4 1.100 1.150 1.200 1.100 1.150 1.200 1.000 1.000 1.000 1.200 1.300 1.350
DM5 1.100 1.150 1.200 1.100 1.150 1.200 1.000 1.000 1.000 1.300 1.450 1.500
. . . . . .
DM20 0.500 0.667 1.000 1.000 1.000 1.000 1.100 1.150 1.200 1.100 1.150 1.200
DM21 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.500 0.667 1.000
DM22 1.100 1.150 1.200 1.000 1.000 1.000 0.400 0.500 0.667 1.300 1.450 1.500
DM23 0.500 0.667 1.000 1.000 1.000 1.000 0.400 0.500 0.667 1.200 1.300 1.350
DM24 0.500 0.667 1.000 1.100 1.150 1.200 0.500 0.667 1.000 1.100 1.150 1.200
GM 0.795 0.912 1.095 0.969 1.015 1.076 0.689 0.793 0.956 1.082 1.185 1.267
PIPR-I C8 C7 C2 C1
DM1 1.000 1.000 1.000 1.100 1.150 1.000
. . .
1.200 1.000 1.000 1.000 0.500 0.667
DM2 1.000 1.000 1.000 0.500 0.667 1.000 1.000 1.100 1.150 1.200 1.100 1.150
DM3 0.250 0.286 0.333 1.100 1.150 0.250 1.200 0.500 0.667 1.000 0.500 0.667
DM4 0.400 0.500 0.667 1.000 1.000 0.400 1.000 0.500 0.667 1.000 0.500 0.667
DM5 0.333 0.400 0.500 1.000 1.000 0.333 1.000 0.500 0.667 1.000 0.500 0.667
. . . . . .
DM20 0.500 0.667 1.000 0.500 0.667 0.500 1.000 1.000 1.000 1.000 1.100 1.150
DM21 1.100 1.150 1.200 1.000 1.000 1.100 1.000 1.000 1.000 1.000 1.000 1.000
DM22 0.333 0.400 0.500 1.200 1.300 0.333 1.350 1.000 1.000 1.000 0.500 0.667
DM23 0.400 0.500 0.667 1.200 1.300 0.400 1.350 1.000 1.000 1.000 1.100 1.150
DM24 0.500 0.667 1.000 1.100 1.150 0.500 1.200 0.500 0.667 1.000 1.100 1.150
GM 0.511 0.598 0.732 0.929 1.013 0.511 1.122 0.765 0.862 1.018 0.735 0.863
Based on the evaluation of the criteria and the geometric mean, a matrix sj was formed. Following
the rules of operations with fuzzy numbers, the k j matrices were obtained as follows:
k1 = (1.000, 1.000, 1.000),
k2 = (2− 1.058, 2 −0.899, 2− 0.795) = (0.942, 1.101, 1.205).
Fuzzy weights, denoted by q j, were calculated in the following manner:
q1 = (1.000, 1.000, 1.000), q2 =
(1.000
1.205
,
1.000
1.101
,
1.000
0.942
)
= (0.830, 0.908, 1.062).
The relative weight (w j) of the criterion was then determined:
w1 =
(
1.000
11.086 ,
1.000
6.910 ,
1.000
5.377
)
= (0.090, 0.145, 0.186)
w2 =
(
0.830
11.086 ,
0.908
6.910 ,
1.062
5.377
)
= (0.075, 0.131, 0.197).
In order to determine the final weights of the criteria, the inverse methodology of fuzzy PIPRECIA
method was applied. The following calculations refer to determination of coefficient k j
′; fuzzy weights
for inverse fuzzy PIPRECIA, denoted by q j′; and relative weights for the inverse fuzzy PIPRECIA,
denoted by w j′.
k9′ = (1.000, 1.000, 1.000),
k8′ = (2− 0.861, 2− 0.720, 2− 0.628) = (1.139, 1.280, 1.372)
q9′ = (1.000, 1.000, 1.000), q8′ =
(1.000
1.372
,
1.000
1.280
,
1.000
1.139
)
= (0.729, 0.781, 0.878)
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w9′ =
(1.000
9.844
,
1.000
6.019
,
1.000
4.702
)
= (0.102, 0.166, 0.213)
w8′ =
(0.729
9.844
,
0.781
6.019
,
0.878
4.702
)
= (0.074, 0.130, 0.187).
The complete calculation and results of the inverse fuzzy PIPRECIA method are presented in
Table 4 and illustrated in Figure 3. The last column shows the deficient values of the relative weights
of the criteria.
Table 4. Calculation and results of fuzzy PIPRECIA and inverse fuzzy PIPRECIA.
P. sj kj qj wj DF
C1 1.000 1.000 1.000 1.000 1.000 1.000 0.090 0.145 0.186 0.143
C2 0.795 0.899 1.058 0.942 1.101 1.205 0.830 0.908 1.062 0.075 0.131 0.197 0.133
C3 0.930 0.996 1.084 0.916 1.004 1.070 0.776 0.904 1.159 0.070 0.131 0.216 0.135
C4 0.757 0.863 1.023 0.977 1.137 1.243 0.624 0.796 1.187 0.056 0.115 0.221 0.123
C5 1.041 1.086 1.125 0.875 0.914 0.959 0.650 0.870 1.356 0.059 0.126 0.252 0.136
C6 0.600 0.703 0.870 1.130 1.297 1.400 0.465 0.671 1.200 0.042 0.097 0.223 0.109
C7 0.879 0.969 1.089 0.911 1.031 1.121 0.414 0.651 1.317 0.037 0.094 0.245 0.110
C8 0.689 0.793 0.963 1.037 1.207 1.311 0.316 0.539 1.270 0.029 0.078 0.236 0.096
C9 0.953 1.055 1.172 0.828 0.945 1.047 0.302 0.570 1.535 0.027 0.083 0.285 0.107
SUM 5.377 6.910 11.086
P-I sj′ kj′ qj′ wj′ DF
C1 0.795 0.899 1.058 0.942 1.101 1.205 0.222 0.427 1.257 0.023 0.071 0.267 0.096
C2 0.730 0.835 1.006 0.994 1.165 1.270 0.267 0.470 1.185 0.027 0.078 0.252 0.099
C3 0.798 0.906 1.062 0.938 1.094 1.202 0.339 0.548 1.178 0.034 0.091 0.250 0.108
C4 0.681 0.763 0.889 1.111 1.237 1.319 0.408 0.599 1.104 0.041 0.100 0.235 0.112
C5 1.065 1.123 1.171 0.829 0.877 0.935 0.538 0.741 1.227 0.055 0.123 0.261 0.135
C6 0.619 0.765 1.019 0.981 1.235 1.381 0.503 0.650 1.017 0.051 0.108 0.216 0.117
C7 0.951 1.027 1.121 0.879 0.973 1.049 0.695 0.803 0.999 0.071 0.133 0.212 0.136
C8 0.628 0.720 0.861 1.139 1.280 1.372 0.729 0.781 0.878 0.074 0.130 0.187 0.130
C9 1.000 1.000 1.000 1.000 1.000 1.000 0.102 0.166 0.213 0.163
SUM 4.702 6.019 9.844
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orientation dimensions of the clothing industry organizations. Figure 4 shows the values obtained by 
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5.4. Final Evaluation Based on Integrated FUCOM–Fuzzy PIPRECIA Model
The integrated FUCOM–fuzzy PIPRECIA model enables the final evaluation of the process
orientation dimensions of the clothing industry organizations. Figure 4 shows the values obtained by
the FUCOM method marked by columns, the values obtained by the fuzzy PIPRECIA method marked
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with the red line, and the final values, expressed as the mean of the FUCOM and fuzzy PIPRECIA
criteria, indicated by the green line.
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6. Discussion
For SMEs in the apparel industry to adequately apply the principles of BPM and ensure growth
and development based on the application of this practice, it is necessary to satisfy several elements of
process orientation. Earlier research has noted the importance of each of the dimensions examined,
but within this paper, the need to evaluate the strength of their individual impact on the adoption of
process orientation and the establishment of BPM practice in SMEs in the apparel industry in Serbia,
Bulgaria, and North Macedonia has been recognized.
The integrated FUCOM–fuzzy PIPRECIA model made it possible to evaluate and prioritize
process orientation dimensions based on the evaluations of the 24 experts, taking into account the
SMEs of the apparel industry and the specificities that occur in the businesses of these organizations.
Ranking the criteria based on the final values of the weight coefficients of the implemented integrated
multicriteria model provided the answer to the basic research question that motivated this research,
which read: “To what extent do each of the identified categories of process orientation adoption
elements realistically contribute to the establishment of BPM practices and the progression towards a
state of stability and a high degree of process maturity within the SMEs of the apparel industry?”
The final values of the overall integrated model shown in Figure 4 indicate the most influential
contribution of the human resource management element in comparison to the other eight considered
elements. Routine tasks can be automated, however, within labor-intensive industries such as the
apparel industry, which involves a large number of manual operations in the manufacturing processes,
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especially of uniquely designed garments; human resources are required [24,98]. Managing them is
also necessary.
Process-based information systems development follows the previous element in its potential
impact. The apparel industry, as well as others in terms of business modernization, is accompanied
by the automatization and implementation of information technology [61]. As [99] stated, manual
cutting of materials is still present in the production of apparel because of lower production costs,
however, this makes the production process labor-intensive and reduces productivity. The impact
of this element is increasing due to the recognized need to use computer numerical control (CNC)
machines in production with the implementation of specialized tailoring software.
The criterion of focus on consumers and competitors was third-ranked within the integrated
FUCOM–fuzzy PIPRECIA model. A system that responds quickly and adequately to the needs and
demands of consumers attracts a large number of consumers and ensures their loyalty while gaining a
more favorable competitive position [100].
The dimensions related to performance measurement and business process improvement, process
structure, compliance of process and strategy goals, and process identification, documentation, and
standardization were ranked fourth to seventh. Measuring the performance of the creative processes
within the apparel industry can be of great importance, as regularly measuring and setting improvement
goals would ensure the delivery of added value to consumers. The lack of human and financial
resources in the SMEs of the apparel industry is an obstacle to carrying out a large number of activities
that strengthen the process orientation. A large number of activities within the work practices of these
companies are performed by one person, and the responsibility for performing multiple processes and
multiple process roles is also up to one person.
The criterion of process organizational culture is estimated to have a lower contribution and was,
accordingly, ranked eighth. The value of the weight coefficient was the same for the dimension relating
to processes in supplier relations, which was ranked ninth, out of the nine evaluated criteria. Therefore,
it is noted that this criterion has the weakest impact compared to the previously discussed ones on the
establishment of BPM practices in apparel SMEs.
7. Conclusions
BPM is a comprehensive approach, dependent on strategic and operational elements, the use of
modern techniques and tools, the involvement of human resources, and a horizontal focus that enables
the delivery of added value to end consumers [22].
The textile and apparel industries in Serbia, Bulgaria, and North Macedonia represent a fruitful
area of research, taking into account the past and the present picture of business within these industries
in these areas. Based on the review of available research regarding the application of multicriteria
methods in the textile, but especially the apparel industry, no research has been observed focusing
on the ranking of process orientation dimensions; that is, elements that influence the higher level
of establishment of BPM practices within apparel industry SMEs. The considered elements have
implications for establishing BPM practice within different areas, however, the conducted research
provides an opportunity to see the impact of different process dimensions in accordance with the
specificities of this sector.
A new integrated FUCOM–fuzzy PIPRECIA model has been developed in order to achieve the
research objective related to the evaluation of adopted process orientation dimensions, prioritizing
the most influential ones in accordance with the research problem. Through various phases within
this model, the calculation of the weight coefficients of each of the considered process orientation
dimensions was performed based on the responses of 24 experts.
The final values of the integrated model highlighted the human resource management (HRM)
element as the most influential link in the chain of influence on the establishment of BPM practice in
apparel industry SMEs in Serbia, Bulgaria, and North Macedonia. Clearly, in the labor-intensive sector
with a majority share of female workers, this element is recognized as the most influential. In terms of
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impact, this element is accompanied by process-based information systems development and a focus
on consumers and competitors. Other dimensions provide a weaker contribution to the establishment
of BPM practice and the adoption of process orientation, while the weakest contribution was attributed
to the dimension of supplier relations processes. Although the impacts of all the dimensions considered
are different according to the sector and size of the organizations, each of them has an impact, and none
of the dimensions were excluded by this research.
To properly manage business processes and build a mature organization, all the elements need to
be considered. For SMEs within the apparel industry to achieve this, they need to focus their initial
steps on human resource management activities, then the development of process-based information
systems, in line with the rankings obtained from the implementation of the integrated FUCOM–fuzzy
PIPRECIA model.
The practical significance of conducted prioritization within this research is reflected in highlighting
the importance and priority of particular dimensions according to the specific aspects of business
in that domain. Decision makers in the domain can use these results to develop a process-based
development strategy.
Based on this result, there is a need for further research within the HRM dimension to provide a
more comprehensive understanding of the activities that need to be undertaken for this dimension to
have its full impact on the establishment of BPM practices in the apparel industry SMEs.
Future research will be devoted to a deeper understanding of the problem by applying calculated
weights of process orientation dimensions in future evaluations to generate solutions for improvements.
An evaluation of the attitudes of managers and employees regarding the adoption of BPM practices,
considering the role of process owners within the creative processes of the apparel industry, will
also be done. Particular attention will be paid to assessing the degree of process maturity within
small and medium-sized enterprises in the apparel industry based on the evaluations of managers
and employees.
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